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Method and device for the 

the luh.ieating oil ^^^^ determination o£ 

oii consumption of 
oombustion engine. internal 

^ The present invention relates = 

device for the , ^- ^^lotes to a method and a 

--.cat.n. oiru::: r~^7" 

engine. This method .ses a radi t ^^'^-^-n 
incorporated into the oil and ^^^^^ 
10 measured in the exhaust ^ases is prr":"" ^'^^^ 
engine oil consumption Proportional to the 

The importance of precise! v v 
lubricatina oil • Precisely knowing the 

racing oil consumption of vehicle:. 
known, both fr^r- ^ , venxcie engines is 

15 IK- automobile manufacturers and 

15 lubracating oil and/or additive orod., 

prevent premature wear of the pa.ts of Th"' '^''''"^ 

r:itro:s.^--^ ---^ ^^drr-- e--: -rrLa^:: 
^0 ^^^3urinrrib:;:::rnnr;^^^^^^^ 



25 



30 



They furthermore have varinn« ^- 
depending on their nature f" . f^^-^tages 

• . ■'ictuure, tor example that 

«qu...n. a very large measuring i„3tru„e„. i„ the „.e 

.nrel.able results due to da,n,ge by the tracer itself 
the case of using sulfur or zinc tracers, or even of 
:::: :;th^°"^ . °r ~™ ; laboratory 



35 



Because of these drawbankc; ^ u 

been suggested to label the olll' tn ^^^^^^^^^^ 
tracer .nH ^ ^ radioactive 

tracer and to measure the quantity of this tracer 

Lab!,,- °' "«suring oil Consumption by 

Labelling „ith Radioactive Bromine". H. ^ellbe=r._ « 
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Bergmann, J. Rothig, j, seibold and A Zeu 
Tribotest Journal 6 - 3, March 2000). 

It has also been proposed to incorporate a 
orom^ne-based radioactive tracer into the IT , 
5 example 1 , 2-dibroinooctadecane and tr. 

Of this compound in .he eru'st ^ases TZ.^l 
solution, .or e_ple sodium h.dro.ide L ^en^t^^ 

,n ■ "^^^ drawback of these methods is that i-h 

10 involve operations of fittinq and r.„, • \ ^^^^ "^^^^ 

^ removing the an;:^ i x/o i 

A need is therefore felt in the ^r-i- 

15 measurement of the lub.icatin, oil con.^ptlon a" 
inter„,l combustion engine, without having to fit or 
™ special devices, „Mch can be implemented easi" 

2T H h " instruments 

and wnich in no wav aff^^^r-t- t-K^ . uiuenx,s 

20 question. P-pertxes of the oil in 

Xn its principle, for this purpose the 
invention consists in using the presence Z he 

nt":: 7n ' '--^ incorporate 

25 '° "^^""""^ radioactivity of the 

25 co^ust.on gases downstream of the engine with the a.d 
of a probe sensitive to ionizing radiation, and in 
deducing therefrom the lubricatina oi l ^ am 
the engine. rxcatxng oxl consumption of 

"^'"^ ^"^^"tion therefore firstly relates to a 
30 method for continuous determination of the iubr Latin 
Oil consumption of an internai con^ustion en,i„e, in 



35 



the lubricating oil whose consumption is to 
be measured is labeJe^rJ uiHi-k ^ ^ ^ . 

, ^ J.ai:5eled with a determined quantity of at 

least one radioactive tracer; y ^ ar 

- downstream of the ^nm'r^o 
^. "-"^ engine, the quantity of 

from the latter is measured; 
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= tracer,., p^t in "«-«ive lubricating oil 

comprises: '"e engine 

- bringing these gases in contact with a r- 
"h.ch can physically retain the radioactTl ! " 
particles; -^^^aioactave tracer 

radiation emitted by the radioactive tra„r(s7"r- '° 

by the tr^r. rr.^^ ■ ^racer(s) retained 

trap ^' -asur^ng this radiation co.ing fro. the 

IS this de'tecTo'r ^7^^^"^"^ -asure.ents ta.en 

convert th Progranuned con,puter which can 

convert these measurements into the inv,.-- ^■ 
consumption rate of the engine. ^"^-cat.ng oil 

The nature of the radioactive tracer wh • k • 
selected so "that- its rads.^- tracer, whach is 
i-iic!^ ars radiation can m<= = „, . 



20 varv .H..,,. --^^^tion can be measured, may 

intrinsically radioactive. ~ ""^'^^^^ '^^^ ""^ 



vary .idel. and it is selected f7o. TmonT:::: ;3 .i 
Which are activatafale and/or species Ei! 



radioa .'^ required quantity of 

25 ITA ITZ "^^'^ lubricating oil" 

Will depend xn particular on ^ 

/ ^. . pcixLicuia. on the nature of the traopr 

ctivrty, radiation type and energy,, the posit onLg 

or the detector and of the tran 

Which there may be. shielding 



Depending on the situation, the species Ei are 

the 

. ^. " ---^v-.^ uliti engine oil Thi 

activation is r^^=»r-r ^^t«^^ . ^-^-L. inis 

xon IS perxormed using neutrons by irradiation 
carried out w.-^^k . ^ -^J- x aaia tion 



•^^xuudL.ion, the specj 
activated either before their incorporation into the 
engine oil or when they are inside the engine oiT 



r-^r-r--;^^ ^ . --'-w^ j-rraaiation 

carried out with ^ noin->-^« -^"-^li 

33 .=ihg a proton beal r^s ^"r^r^ci: rccritar^ 

is to in^ """"^ '"^ activation 

to incorporate the species Ei into a suitable 
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quantity of a carrier (for example solvents and/or 
d.luents such as a diluting oil) then subjectina tl 
mixture which is obtained to th. '^^^^tang the 

These species El suitable tor beino ^ 
induce the .o.lowin, elements, i„ p^.tfcu L ^ L 
bromine, sodlu™. .olybde„u„, phosphorus, auiLr 

^pecrir^hiri/Teterrrhe"^ 

lubrlf-;,ni- conventional 
xuDricant additive families- vHr,^ 

calciu. sulfonates. „,,„e:i-u. ^^1.0:^3:^":^:::; 

„„■ K " possible to use other species Ei 

Which do not affect the „or.i„, properties of the oil 
and Whose quantity collected at the exhaust ,as outlet 
regains correlated with the engine oil consumption 

Examples which may be mentioned for the species 
Eii are the isotopes of halogens such as, for ejlol! 
b^nyvinc^-Q^ 4- ^ u ^. example^ 
b^o.nine 82, technetium 99-m, strontium-85, germanium- 
68, germanium-69 and cobalt-56. germanium 



20 



25 



radioan. "P^"'^^ naturally 

radioactive elements may be used on their own or in the 

form Of compounds containing said elements, and they 

may ootion/^iiw k« ^ tney 



30 



may optionally be incorporated into a carrier ,for 
e mple ivents and/or diluents, such as a dilu in 

the ^il in tT ; ^« incorporated into 

tne Oil in the form of an aqueous solution of sodium 
pertechnate NaTcO,. sodium 

" P°"i'>l« '<> technetium 99-m 

packaged in the form of particles „hich ha.e nanometri^ 
dimensions and are isolated from the atmosphere by 
35 carbon, m this context, the product marketed under the 
brand Techn.gaz qas may be mentioned (this product is 
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Regarding the use of 
gern.anium-69, at least g^rmanxum- 68 and 

least one tetra^lic-wi 
containing at least one of these two "ot 
be added to the oil. since the alTvl e. 
5 these tetraalkyl germanes is ^"^^^ °^ 

boiling point it ITZ \ P-°P°-tionaI to their 

tetraaLvl advantageous to use a fixture of 

tetraalkyl germanes whose boiling points 
representative of the distil i.^- J Pomts are 

^0 :~ z ^^^^ 



preJeraMa to use .adioactiv. elements 

nalf-iife such as bromine R5 . u 
germanium-69 etc. ...k1 _ II' ^^^^^-tium 99-m, 



20 



etc. Technetium 99-m 
preferred because of its very short half l • 
and the very ranid Hi. half-life (6 hours) 

very rapid aisappearance of its rad-i r^-^.- • 
at the end of about 3 days rad.o^c. xva ty. 

With a porous structure fix.d ^^^tering medium 

25 is connected to the exhaust " T"'' ^'""'"^ ""'^^ 
medium, or the fUterinT ^ filtering 
. txltering elements arranged in the metal 

canning of the fiH-^-r- ^ >s »j une metal 

filter, which makes it possible to retain th. 

of radioactivo lubricant tracer ,s, oo„t» r " 
exhaust -gases. "cer(s) contarnedan the 

in the scope of the invehtlon. it „iii k. 
advantageous to employ the particle filters which 
35 a„ omobUe manufacturers use in order to elLlate he 
organic compounds and carbon contained in e.haus: 

It Will be noted that the detector- ^ 
radioactive tracf»rf<=i . • aetector ..for 

tracer (s) retained by the trap may 
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fso..u. ,o.i.e crystal .aX<TX,, BGO a "0^. 

semiconductor type Cgermaniu. crystal, CZT crystal] 

10 accordinrtrtH'"'" ^^tectors allow the .ethod 

accordxng to the invention to be carrier r^r.^^ ■ 
and the d^i-^ = ■ - • carrier continuously, 

short . ^ -c^— tion can be performed in a .ery 

short time of the order of one second. ^ 

. "^"-^ furthermore be noted that the detector 

can simultaneously detect ^ho ^ aecector 
15 labeled ^ i- Presence of different 

labeled oil tracers and their respective quantities in 
the exhaust gases. c'ntities m 

' series T ""'^'^ processed by a 

series of means for calculating the lubricating oil 
consumption of the engine; these means co.p.ise 
20 particular, a means for processina i-h h . '"P^^^^' 

rf^^ , processing the detected signals 

(for example, amplifier, filter ^n^- . y ais 

converter ADC) . filter ana analog/digital 

.n^r^TT! analyzing the pulse 

amplitudes (for example, multichannel analyzer) and" 
.eans for storing and processing the acquired data (for 
example, PC computer). 

The invention also relat^:*^ t-r^ ^ ^ 
^ . ^^^^ r^±azes to a device for the 

=ont.nuou. det.™i„atlon of the lubricating Jll 
consumption of an i„t„nal co„u,u3ti„n .„,i„e, this 
device comprising: 

a means for incorporating a determined 

quantity of at le^asi- r.r.=. ^- • "erermined 

, V. • ^. -^^^^ radioactive tracer into the 

lubricating oil; "® 

.V, ' '"^^"^ measuring downstream of the engine 

xn the combustion gases emerging from the latter the 
quantity of the radioactive tracer whioh • 
therein; ^ "''^''^ present 

- and means for deducing the lubricating oil 
consumption of the engine from this measurement; 
this device being one which comprises: 



25 
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(I) downstream of the e>nr,-;r,^ 

contact an. can ..ys\J,,lZ.Tn 

^ t.ac. p,.ticxes present in the/, /ales" "^^"""^ 

(II) in proximity to this tr-^r. 

distance the.ef.o™ aXiowin. .a.J.ien e:L.:rj\,' 
radioactive tracer n^r-^-ir-i^ ^'"itcea by the 

tracer particles retained by this tr-^r. ^ 
= ^--«o. sensitive to ..J 

10 P-.~ compute. wMc/ca cafcorte L tr'"' ' 

Oil o. a..iti,e co„.u.pti„n o. the ZT."t::'::^ 

Of ths information recorded by the detector. 

The trap capable of reta(ni„„ 
radioactive tracer particles of the labeled ' ■ 
15 Placed at any position downst L T/ til ''^ 

allowino it ho • engine 



20 



Before the exhaust gases are^ Hi ^ u 
atmosphere, if the particle rap is not'' t 'If"' 
particle f.lter. such a filter wilf nocessarii; nee" ^o' 
h provided on the exhaust line downstrea/ of 1. 



"^^^ appended drawings illustrate:. i-h^ k ^. 
Of the invention. I„ these dra^in,;. '"^"^--t 

method orL^rmU'tirn"'" mustratin, the 

30 e.e„piarr:::".Jnt::h;;h :::i r:™ b;;rr '° 

Reference will first be made to Figure 1 " ' 

1 Of °" ^-^"^ the lubricating oil circuit 

1 Of the internal combustion engine 2, a line 3 -3 
provided for introducing a predetermined guantity of 
the same lubricating oil, supplemented with at least 
one radioactive tracer for measuring t.e o" 
consumption of the engine. 

The combustion products of the enain^ 9 

discharged through the line 4 to a trap 7 w^ h"" 

ca trap which can 



35 



PACE 8/25 • RCVD AT 8/11/2005 5:00:58 PM [Eastern Daylight Time] • 8VR:U8PTO-EFXRF-5/24 • DNI8:7466705 * CSID: 2022937860 * DURATION (mm-ss):07^0 



08/11/2005 17:03 FAX 2022937860 ©009/025 



WO 2004/0^1^84 - ft _ 

" PCT/FR2003/002657 

physically retain the particles of the radlo.H 

tracer or radioactived additive present in tt r"'' 
gases. present in the exhaust 

5 the XinTT\T'"' ■'"^^"^^^ '° -"ide though 

retain the last radioactive particles wHh^k 
are present. faj-cicies which 

In immediate proximity to the tr^r> 7 
lnco.po.ate. into tK. .u... I L, ;,: V" e 

way a„ects the ,„alin, or the lu^ri^^tL^ Z 
thermal neutrons a.e pa„icie= „Uh a ve., low ene,;; 

As explained abovR i ^ -j ^ ^ 

- .aa.oa..„e =.„p..„. „::: ;\h^^rr;r.e'°a:-':h: 

radiotracer of the lubricating oil m 

technetiun, 99m. ^ ' Particular 

The following examples, which do not imply anv 
Ixmitation, illustrate the embodiment of th. 
25 and its advantages. ''''^ invention 

Examples 

These examples are intended to illustrate 

30 ! lubricating oil labeled with the aid of a 

30 ad.oactive tracer, „hich is trapped by . p.lj" ' 
f^lter Placed on the e.ha^st circuit ot the' 
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cor ' T -torcycle engine, .nown by the 

commercial name HORNET. 

The engine used in Example 3 is a 2 P i ^ k 
diesel engine fitted to a Henau/t .aguna vehicle 

and 3 isT 'r"""'" °" ^-""Pl-- 1 

type 4 o^r. °" """^ 

type 4 DXRatro. The oil used in Example 3 ia ,n 
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auton,obile engine oil marketed under the et r h ■ 
Prestigrade 15W40. '^^^"'^ 
The following two tracers were used- 
- the isotope ""Tc, available in ^h^ r 

5 sodium pertechnate n^t^o • ^ °f 

perirecnnate NaTcO^ xn aqueous solution 

irradiation"n/''\"^'°''''"' ^^^^-^ 

a i::::: t g^ r; ^^ed 

-thiophosphatJ (denoted oTp/n, ^nt^^^^^^^^ 
.uantitv Of .ine .more than lo" b w^^^ J,,^^-^ 
subn^r-^-iCi/^ 4-^ • ». '^^-Lgnc; ^ which xs 

suojected to irradiation for s^i/^r-^ i 

natron , « high 

the stable "zn into radioactiv^ " ° 



10 



The radioactive particle trap used 



is a 



15 particle filter available in the tr.rt/ • 

Peu,eot vehicles fitted „it. t.e L lit:; HoTe'"'' 

^ -t-i-ter HDI engine. 

The system for detecting the radlo^.i- • 
particles retained by the tran radioactive 

detector measuring 3^ inc:e3 w^t."^"^^' '''^ 
20 photomultiplier tube, th^ other el " ^"^^^^^^^ 
measurement system beina f ^ ^^^""^"^^ °f the 
P.eamplifier of^he Canbe^a b and a .02o"::% ^"^^^ 
a.pli.ier .Canberra,, a model '3^3^ ^^OC ^L^- 

25 Thf ' -Itichannel card (Canberra) 

25 The software employed during these trials are "cln 

2000" {n=^r^w^ \ j~ ^-^j-dj^i^ are Genie 

^^uu (Canberra) for* i-h<a r^a^v.^,-. 

(Muiti Channel " ^ spectrometry and the MCS 

( u ti Channel Scaling) analysis software "IDSWear" 
marketed by ;.tlantic Nuclear Services (ANS) , Canada 

Example 1 

"""^ measuring the oil 

consumption by using »»Tc as a trace- 

»is=ibie't 'r'rair°'""°" °' is 

depending on the t^e Tr:'!, T 

^yP® °^ Oii) With the four-strolc« 
35 engine oil. •^'-'uj: stroke 

The starting material i = 

NaTcO • serial is an aqueous solution of 

NaTcO. having a specific activity of 500 MBo/ml 

(megabecquerels per milliliter) . MBq/ml 
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2.2 ml of this solution are tak^n =. ^ 
with 3 liters of four-stroke engine oil 
Obtain a specific activity of 370 MB^/l 

5 the oilpan%°/thr^'^' introduce, into 

With unTJlL Taso^n:: ^^^r^— ^ ^n.ine fuele. 
operate, at different speeds ^"'^"^ ^^^^^^^ 

o. .a.:":a;r.eic:err\:tr-r"tV^^ 

10 filter as a f.,r,^^ • second at the particle 

as a function of time, at differ^n^ 
speeds. airrerent engine 

The increase in activity detected . ^ 
of time and the different ^n„. function 

invention is entirely suitable for such ™1 
Furthermore, the method allows the ^"'^'^ 
20 be monitored continuously. "nsumptron to 

It can be seen in Figure 2 that the slooe „- 
the curve which reflects fh= slope oi 

with the soe-d !; w consumption increases 

relation il tl's '° ^ substantially linear 

!5 Slope is as foil! °' '^^''^ ' -P-i"cally, this 

pa as follows as a function of the engine speed- 
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Slope (counts/s) Consumption 



2000 
4000 



2.67 25.9 ml/h 

/, in 39.9 ml/h 

Taking the detection geometry and the 
efficiency of the counting system into ~^ ^^^^^j;^^ 
possible to estimate the consumptions xndxcatad xn the 
right-hand column for each speed of the engine. 

Ex ample 2 ^ ^ 

1^ -r^T-r^i-es to the consuiuption of oil 

This example reiares uxic: r- 

labeled with ^"Zn. 

c.;^mDle of DTPZn activated by 
Starting with a scimpxe ui. . . , . _ 

e 

oil in order to obtain a specific 



Starting wxun ^ ^.^.^^^^^ ^. . . 

neutron irradiation, the specific activity of wh.ch xs 
95 kBq/ml, 30 ml are taken and mxxed wxth 3 Ixters of 
^ ^ ^^^o^ 1-0 Obtain a specific 



four-stroke engine 



activity of 950 kBq/1. ^ • ^ 

The oil labeled in this way is introduced into 

r'-jxTrar^ low specific 

15 the oilpan of the engine. Given the lo P 

activity of the tracer which is available, the 
configuration of the engine was modified for this tnai 
3o as to obtain a high oil consumption, close to 

liter per hour at 6000 rpm. 
20 The uncontaminated engine, fuelled with 

1 „^ -i c: =;tarted and operated at the 
unactivated gasoline, is startea 

stabilized speed of 6000 rpm. 

in view of the long half-life of Zn (244 
days), a single series of measurements was carried out 
25 in this trial in order to avoid over-contaminating the 
measuring equipment as a whole (test bench and particle 
filter), the aim being simply to test the .method 
according to the invention on an engine whose oil 
consumption is much higher than ^ ^Example 1, 
30 furthermore with an isotope other than Tc. 

Figure 3 is a diagram illustrating the number 
of gamma rays detected per second at the particle 
filter as a function of time at 6000 rpm. 

It can be seen that the slope of the curv^ is 
35 about 0.73 count/s. Taking into account the detection 
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,e=»et.y and the -"^^^^^^ "this «diatioh has a n.„=h 

the consumption demonstrate c 

Examples 1 and 2 thus ,,,, 

between the .unnin, ^^^^"^ H^,, £,iter, "hlch a.e 

of the particxe expected 

in -^^^"'"^ ° the oil consumption to be 
consistent with the 

under these conditions. perturb the 

measurements, ana 

.wo different isotopes. 

^^^^2^^ i.^es to the consumption of ox 

This example relates t 

5 labeled with ^'zn. ^^p^^ activated by 

Starting with a --^^ .^^ of which xs 

neutron irradiation, , 3pecific activity 
95 kBq/ml, 50 liters of oxl 

of 21.2 .Bq/1 are P-P^^^^ ^^.^ ,3 introduced into 

The oil labeled xn t ^^^^^^^ ,,3talled on a 

.he oilpan of the \"^g,3^ed cycles of .71 ^ 

.oiling rig, executes pre Pr 9 ^,,3,„ption by the 

selected so as to promote the 

engine. uncontaminated and fuelled 

23 The engxne used xs ^^^^ ^^^^.^^ 

with unactivated gasolxne- ^^^^.^^ .^ter 

after 10,000 km, and one dra^ ,,,3umptxon of the 

20,000 kK. At the difference between 

engine is calculated .y .ak^ng^^ ^^^^^^^ ^^^^ 

30 the initial mass -^^^\ ^^.^^ ,3 added the mass of 
collected by wexghxng, to ^^^^^ ^^^^ ^^^.^ 

r/rrctrvity of the Partlde filter 
increase in tne , measured. ., 

between each drain iS Nation between the oil 

Figure 4 7;^, ,„in, calculated by 

-auction . the en.. ;t_^e^^^^^^^^ 

weighing, and the xnc 



filter. 
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«i« therefore shows that monitoring 
This — P^^/^;:/,^ ,33, the form of 

the accumulation of Zn 6 , ^^^^^^ 

activated ---^^/^^^ eonsujion of the engine, 
.epresenta .ve Of the ox ^^^^ - measure the activity at 

5 Since it. ^ t., -ii- is also possible 

filter continuously, it is ax=. 
the particle filter consumption of the 

to continuously measure the oii 

w 1-his device and this method, 

engine by using this aevio 
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